Introduction
============

Irritable bowel syndrome (IBS) belongs to the group of functional gastrointestinal disorders[@b1-tcrm-12-771] which involve visceral hypersensitivity and impaired gastrointestinal motility.[@b1-tcrm-12-771],[@b2-tcrm-12-771] IBS affects up to 16%--26% of the world population.[@b3-tcrm-12-771] IBS, like other functional gastrointestinal disorders, has no identified organic cause.[@b3-tcrm-12-771]--[@b5-tcrm-12-771] Recently, Wouters et al reported that mast cell activation has a central pathophysiological role in IBS and possibly in functional dyspepsia.[@b6-tcrm-12-771] However, IBS is also known as a disorder of the brain--gut axis.[@b2-tcrm-12-771]

IBS is characterized by chronic abdominal pain, discomfort, bloating, and alteration of bowel habits. Diarrhea and constipation may predominate, or they may alternate; accordingly, IBS can be classified as diarrhea predominant (IBS-D), constipation predominant, with alternating stool pattern, or pain predominant.[@b7-tcrm-12-771] In some individuals, IBS may have an acute onset and develop after an infectious disease characterized by two or more of the following: fever, vomiting, diarrhea, or positive stool culture. Consequently, this postinfectious state has been termed "postinfectious IBS".[@b4-tcrm-12-771],[@b8-tcrm-12-771]

Diagnosis of IBS is complex and principally symptom based, and no specific laboratory or imaging test can be performed for a positive diagnosis of IBS. IBS diagnosis involves principally excluding other conditions, such as inflammatory bowel diseases or celiac disease, and then following the procedure to categorize the patient's symptoms. Ruling out parasitic infections, lactose intolerance, small-intestinal bacterial overgrowth, and celiac disease is, depending on the patient's symptoms, necessary. In patients over 50 years of age, a screening colonoscopy is recommended.[@b9-tcrm-12-771] Noteworthy, IBS sufferers are at an increased risk of surgeries, such as appendectomy, cholecystectomy, and hysterectomy, in some cases due to IBS symptoms being misdiagnosed as other medical conditions.[@b10-tcrm-12-771]

Nowadays, there are no specific lab tests to diagnose IBS. Recently, an interesting study was published by Dothel et al who analyzed mucosal biopsy samples collected from patients with IBS and asymptomatic healthy individuals.[@b11-tcrm-12-771] Furthermore, neuronal-specific enolase, growth-associated protein 43 (GAP43), NGF, and NTRK1 were localized and quantified by immunohistochemistry and enzyme-linked immunosorbent assay, respectively. The study showed that nerve fiber density and sprouting, as well as expression of NGF and NTRK1, are significantly increased in mucosal tissues of patients with IBS. This result may suggest that alterations of cellularity in colonic biopsies may be helpful in IBS diagnosis.[@b11-tcrm-12-771]

IBS is one of the most common diagnoses in primary care and gastroenterology practice.[@b12-tcrm-12-771] Nevertheless, the treatment options for IBS, especially for IBS-D, are limited and frequently unsuccessful. Initial therapy includes dietary and lifestyle modifications, but in most patients, these are ineffective. There are some studies showing rifaximin and aldosterone as potential in the treatment of IBS;[@b13-tcrm-12-771],[@b14-tcrm-12-771] however, the latter has been approved only for women.[@b14-tcrm-12-771]

The potential of rifaximin in IBS treatment was observed in two identically designed, double-blind, placebo-controlled trials (TARGET 1 and TARGET 2).[@b14-tcrm-12-771] In these studies, 1,260 patients with IBS without constipation were randomized to receive either rifaximin 550 mg or placebo, three times daily for 2 weeks, and were followed up for 10 weeks. The relief from global IBS symptoms during the first 4 weeks after treatment was significantly higher in patients who received rifaximin than placebo.[@b14-tcrm-12-771]

Because of such a narrow choice, new therapeutics for IBS-D are urgently needed.

Eluxadoline in IBS-D
====================

Eluxadoline (5-({\[(2*S*)-2-amino-3-(4-carbamoyl-2,6-dimethylphenyl)propanoyl\]\[(1*S*)-1-(4-phenyl-1*H*-imidazol-2-yl)ethyl\]amino}methyl)-2-methoxybenzoic acid; [Figure 1](#f1-tcrm-12-771){ref-type="fig"}) is a novel, orally active drug for the treatment of diarrhea and abdominal pain in individuals with IBS-D. It was approved for use by the US Food and Drug Administration on May 27, 2015.[@b11-tcrm-12-771]

Eluxadoline is a μ- and κ-opioid receptor agonist and δ-opioid receptor antagonist that acts locally in the enteric nervous system, and with possibly negligible adverse effects in the central nervous system.[@b15-tcrm-12-771],[@b16-tcrm-12-771] Activation of the μ-opioid receptor causes analgesia, sedation, slightly reduced blood pressure, itching, nausea, euphoria, decreased respiration, and miosis (constricted pupils).[@b17-tcrm-12-771]--[@b19-tcrm-12-771] In the gastrointestinal tract, the μ-opioid receptor agonists have long been known to slow motility, decrease visceral sensation, and inhibit secretion.[@b20-tcrm-12-771] The additional function of eluxadoline, as a δ-opioid receptor antagonist, reduces some of the undesired μ-opioid effects, such as excessive slowing of motility as well as enhancing of μ- and κ-opioid receptor-mediated effects on visceral sensation.[@b21-tcrm-12-771]--[@b23-tcrm-12-771]

Endogenous opioid system consists of μ-, κ-, and δ-opioid receptors. Their endogenous ligands, namely Met-enkephalin, Leu-enkephalin, β-endorphin, and dynorphin, can be found in the gut, both in neurons and endocrine cells. When released, these ligands activate the opioid receptors and influence the enteric circuitry controlling motility and secretion. Inhibition of gastric emptying, increase in sphincter tone, induction of stationary motor patterns, and blockade of peristalsis ensue are the result of opioid receptors activation. Consequently, the most frequent and troublesome adverse reaction of opioid analgesic therapy is constipation.[@b24-tcrm-12-771]

Viscerosensory nerve sensitivity and symptoms in IBS are connected to alterations in the neuro-immune axis. Several factors secreted from the immune cells inhibit colorectal afferents in healthy individuals, and loss of this inhibition may lead to hypersensitivity and other IBS symptoms. In their recent study, Hughes et al determined the immune cell types responsible for opioid secretion in humans and whether their expression was altered in patients with IBS.[@b25-tcrm-12-771] β-Endorphin was identified predominantly in monocyte or macrophages relative to T or B cells in human peripheral blood mononuclear cells and colonic lamina propria. Noteworthy, monocyte-derived β-endorphin levels and colonic macrophage numbers were lower in IBS patients than healthy subjects, which means weaker inhibition of colonic afferent endings. Hughes et al thus showed that altered immune function contributes toward visceral hypersensitivity in IBS.[@b25-tcrm-12-771]

In 2013, the same group proved that sensory neuro-immune interactions differ between IBS subtypes.[@b26-tcrm-12-771] Supernatants from IBS-D patients caused mechanical hypersensitivity of mouse colonic afferent endings, which was reduced by infliximab. In case of constipation-predominant IBS, the supernatants had no such effect, but occasionally elevated basal discharge. Several cytokines, IL-1β, IL-6, IL-10, and TNF-α, were elevated in supernatants from IBS patients, and levels correlated with pain frequency and intensity in those patients. TNF-α most effectively caused mechanical hypersensitivity; the effect was blocked by a TRPA1 antagonist. To summarize, the results of this study showed that IBS patient subgroups would benefit from selective targeting of the immune system.[@b26-tcrm-12-771]

In 2013, Dove et al conducted the first randomized, double-blind, placebo-controlled Phase II clinical trial on eluxadoline, in which 807 patients were randomly assigned to groups that received either oral placebo or 5, 25, 100, or 200 mg oral eluxadoline twice daily for 12 weeks.[@b27-tcrm-12-771] The primary end point was clinical response at week 4, defined by a mean reduction in daily pain score from baseline of ≥30%, and of at least 2 points on 0--10 scale, as well as a stool consistency score of 3 or 4 on the Bristol Stool Scale (1--7) for at least 66% of daily diary entries during that week. This study showed that significantly more patients receiving 25 (12.0%) or 200 mg (13.8%) eluxadoline met the primary end point of clinical response (after 4 weeks of treatment) than patients given placebo (5.7%; *P*\<0.05).[@b27-tcrm-12-771] Dove et al concluded additionally that patients receiving eluxadoline at a dose of 100 and 200 mg also had greater improvements in bowel movement frequency and urgency, global symptoms, quality of life, and adequate relief assessments (*P*\<0.05). Additionally, patients receiving 100 (28.0%) or 200 mg (28.5%) eluxadoline were significantly more likely than those receiving placebo (13.8%; *P*\<0.005) to meet the US Food and Drug Administration response end point during the full 12 weeks of the study. It was also found that eluxadoline was well tolerated, with a low incidence of constipation.[@b27-tcrm-12-771]

In 2015, Chey et al conducted a randomized, double-blind, long-term Phase III trial to compare eluxadoline 75 or 100 mg twice daily and placebo.[@b28-tcrm-12-771] In their study, a composite clinical response (decrease of daily worst abdominal pain and British Stool Scale scores in weeks 1--12 and weeks 1--26, respectively) was evaluated. The study showed that the composite response was significantly higher after treatment with eluxadoline vs placebo over the weeks 1--12 (23.9% and 25.1% for eluxadoline 75 and 100 mg, respectively, vs 17.1% for control; *P*=0.014 and 0.004, respectively). During the 1- to 26-week period, the response to eluxadoline (75 mg twice daily) vs placebo was also significantly higher (29.3% vs 19.0%; *P*\<0.001).[@b28-tcrm-12-771] Post hoc analysis showed that both eluxadoline dosages resulted in a significant early (weeks 1--4) composite response of improvement in abdominal pain and stool consistency without significant risk of constipation, and adequate relief in at least six of the initial 12 weeks, which confirms the findings from placebo-controlled Phase II clinical trial conducted by Dove et al, Chey et al, and Lacy et al.[@b27-tcrm-12-771]--[@b29-tcrm-12-771]

In another randomized, double-blind, Phase III international trial, Andrae et al showed that two eluxadoline dosages (75 and 100 mg) led to an early higher composite response (period with no worsening of symptoms or rebound; eg, diarrhea, abdominal pain) than placebo over weeks 1--12 (28.9% and 29.6% for 75 and 100 mg, respectively, vs 16.2% for placebo; both *P*\<0.001).[@b30-tcrm-12-771] The use of both dosages resulted in the significant response stability in the long-term course (weeks 1--26).[@b29-tcrm-12-771],[@b30-tcrm-12-771] Furthermore, Andrae et al observed that administration of eluxadoline at 75 and 100 mg was associated with a significant improvement in health-related quality of life vs placebo.[@b30-tcrm-12-771]

In 2016, Lembo et al published the first meta-analysis about the use of eluxadoline in the treatment of IBS-D.[@b31-tcrm-12-771] The study confirmed that eluxadoline reduces symptoms of IBS-D in men and women, with sustained efficacy over 6 months in patients who received the 100 mg dose twice daily.[@b31-tcrm-12-771]

Side effects of eluxadoline treatment
=====================================

Eluxadoline is not free of side effects -- the most common is constipation which occurs during treatment with both dosages, 75 and 100 mg, and concerns \~5% of patients treated with eluxadoline.[@b17-tcrm-12-771],[@b29-tcrm-12-771]--[@b31-tcrm-12-771] In some trials, constipation occurred within the first 2 weeks from the beginning of therapy; however, it had similar scores to those for placebo treatment. Noteworthy, severe constipation has been registered by \<1% of patients. Nevertheless, eluxadoline has better safety and compliant side effect profile (eg, constipation) compared to pure μ-opioid receptor agonists (eg, loperamide).[@b27-tcrm-12-771],[@b28-tcrm-12-771]

In addition, 3%--5% of the patients noted upper respiratory tract infections, which are probably incidental.[@b27-tcrm-12-771]--[@b29-tcrm-12-771] Other, less frequent adverse events were registered in \<2% of treated patients. These included vomiting, abdominal distension, flatulence, respiratory complaints (nasopharyngitis, bronchitis), dizziness, skin rash, increased alanine aminotransferase levels, fatigue, and viral gastroenteritis.[@b28-tcrm-12-771]--[@b31-tcrm-12-771]

Old age (≥65 years) could also be a risk factor of side effects during treatment with eluxadoline. For example, higher incidence of adverse events (66% vs 59%), serious adverse events (9% vs 4%), and specifically, gastrointestinal adverse events (39% vs 28%) vs younger subjects was reported. Altered pharmacokinetics of eluxadoline in older patients is probably the cause.[@b30-tcrm-12-771],[@b31-tcrm-12-771]

As eluxadoline is a μ-opioid receptor agonist, it can induce sphincter of Oddi spasm, particularly in patients who received cholecystectomy.[@b17-tcrm-12-771] Trials showed that sphincter of Oddi spasm developed in 0.2% and 0.8% of patients treated with eluxadoline 75 and 100 mg, respectively, with 80% occurrence within the first week of treatment. Because of this, eluxadoline should not be taken in case of blockage of the gallbladder or the sphincter of Oddi, or a history of pancreatitis. Onset of acute pancreatitis during treatment with eluxadoline was reported in 0.2% of patients with a subsiding elevated alcohol intake.[@b27-tcrm-12-771],[@b28-tcrm-12-771]

Finally, eluxadoline may cause systemic side effects. The reason for these is modulation of opioid receptors in the central nervous system. Euphoria has been reported after eluxadoline administration by up to 0.2% of patients. Notably, a drunken feeling was observed in \~0.1% of patients.[@b17-tcrm-12-771],[@b30-tcrm-12-771],[@b31-tcrm-12-771]

Nevertheless, the percentage of systemic adverse effects due to eluxadoline is lower than in the case of other opioid receptor agonists (eg, oxycodone), as reported in the studies on recreational opioid-experienced subjects, conducted by the US Food and Drug Administration.[@b15-tcrm-12-771],[@b17-tcrm-12-771]

Sometimes, the usage of constipating drugs by patients with IBS-D may lead to fatal adverse events, like in the case of alosetron mis-prescription. Alosetron has an antagonist action at the 5-HT3 receptors distributed in the enteric nervous system of the gastrointestinal tract. It was withdrawn in the year 2000 following the association with serious life-threatening gastrointestinal adverse effects.[@b15-tcrm-12-771] In contrast, none of the serious complications arising from constipation (obstruction, perforation, impaction, toxic megacolon, secondary colonic ischemia, death) was observed for eluxadoline.

Conclusion
==========

In daily practice, the treatment of IBS is difficult and may take a long time, which may be in part due to the multifactorial cause of the condition. Further studies are therefore needed to clarify the pathophysiologic mechanisms that contribute to the development of IBS-D and help the design of new treatment strategies.

Eluxadoline seems to be a very promising molecule. Due to the alleviation of abdominal pain and diarrhea, eluxadoline can significantly improve patients' quality of life.[@b25-tcrm-12-771] Because of the good clinical profile and very few side effects, eluxadoline may soon become one of the most efficient and widely used drugs for the treatment of IBS-D.
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